  Abbreviations, acronyms & symbols   
  ----------------------------------- ---------------------------
  IPo                                 Ischemic postconditioning
  IPr                                 Ischemic preconditioning
  ROS                                 Reactive oxygen species

INTRODUCTION
============

Since 1986, when Parks & Granger^\[[@r01]\]^ demonstrated the harmful effects of toxic reactive oxygen species (ROS) produced during reperfusion, much research has been developed in search of an experimental model that could minimize this process in order to reduce cell and organ ischemia and reperfusion damage^\[[@r02],[@r03]\]^.

With the acquired knowledge on the pathophysiology of this process seems to be the way to complement reperfusion techniques already developed, such as ischemic preconditioning (IPr) - consisting of short and repeated episodes of ischemia before the ischemic event itself, and ischemic postconditioning (IPo) - consisting of short and repeated episodes of reperfusion, post-ischemia established, and prior to reperfusion period. But unfortunately they did not alter significantly the mortality of mesenteric ischemia.

The process of ischemia has been studied for many years and the knowledge on pathophysiology still faces some dilemmas. It is known that in any situation of ischemia, reperfusion also occurs, which is an important factor in the deterioration of the clinical picture, leading to local and systemic damage due to predisposition to the formation of oxygen free radicals and other substances responsible for the direct tissue damage, proven by Parks & Granger^\[[@r01]\]^.

Probably, the best results previously published in controlling the production of ROS were obtained with the IPr, as numerous publications that followed Murry et al.^\[[@r04]\]^, including ischemia and reperfusion. However, little practical and clinically applicable to situations in IPr, for example, acute abdomen, mesenteric vascular ischemia, since the time of diagnosis, there is already ischemia. It is for this reason that the IPo has increased interest in this aspect, since, if proven its effectiveness there were many clinical situations with the possibility of applying this method.

Some intestinal surgeries, especially resection and transplantation are usually held by temporary occlusion of mesenteric vessels to prevent bleeding.

This knowledge has led many researchers to develop a method to minimize the damage caused by reperfusion.

In 2003, Zhao et al.^\[[@r02]\]^ presented the concept of ischemic postconditioning (IPo), which consists in performing one or more short cycles of reperfusion followed by one or more short cycles of ischemia, immediately after the ischemic phase and before establishment of permanent reperfusion.

In an experimental model, there is already evidence of a protective effect of IPo on the intestinal mucosa of rats undergoing mesenteric ischemia and reperfusion^\[[@r05]\]^. And recently, IPo was able to minimize the severity of liver injury in rats undergoing ischemia and reperfusion through 3 cycles of ischemia and reperfusion of two minutes^\[[@r06]\]^.

Several published experiments analyzed the effects of IPo in other organs and tissues, among them we can mention Darling et al.^\[[@r07]\]^ in which the IPo was able to minimize the area of myocardial infarction in rabbits; Tang et al.^\[[@r08]\]^ demonstrated the effectiveness of IPo in the prevention of coronary lesions resulting from the ischemia and reperfusion in rats, since the ischemia time did not exceed 45 minutes; Huang et al.^\[[@r03]\]^ have shown that the IPo was preventing tissue damage in the spinal cord of rats subjected to ischemia and reperfusion; Santos et al.^\[[@r09]\]^ showed that the ICRP and IPo was able to minimize tissue injury in the intestinal mucosa of rats undergoing ischemia and reperfusion process.

However, Bretz et al.^\[[@r10]\]^ in 2010, published a study in rabbits, showing that postconditioning performed with four cycles of 30 seconds reperfusion and 30 seconds of reocclusion during the initial four minutes of reperfusion, showed no statistical significance on degree of necrosis of the intestinal mucosa.

Thus, although there is much evidence of the effectiveness of IPo, it is not yet determined what would be the best method of developing it, how many cycles, the duration of each cycle, if there are differences when used for bowel or other organs, etc.

Thus, considering the current evidence of the value of IPo to minimize tissue damage resulting from ischemia and reperfusion, it becomes of paramount importance, and the aim of this study was to assess the effectiveness of IPo accomplished through five cycles of ischemia and reperfusion with five short cycles of ischemia and reperfusion.

Objective
---------

To assess the protective effect of IPo on ischemia and reperfusion in rats by five alternating cycles of 30 seconds of reperfusion and 30 seconds of ischemia.

METHODS
=======

The study was approved by the Ethics Committee on Animal Experimentation of the Federal University of Mato Grosso do Sul and was based on ethical principles defended by the Brazilian College of Animal Experimentation.

Animals Studied
---------------

Twenty-five rats (Rattus norvegicus) of Wistar lineage, adults, males, weighing 270-350 grams, with an average of 305 grams, from the vivarium of the Federal University of Mato Grosso do Sul. The rats were housed individually in cages where temperatures were maintained between 21ºC and 24ºC, with automatic alternation of light and dark periods of 12 hours, and received diet and water ad libitum.

Constituted groups
------------------

The animals were distributed into three groups: Ischemia-reperfusion (IR) group, with 10 animals, undergoing 30 minutes of ischemia and 60 minutes of reperfusion; group Ischemic postconditioning (IPo), with 10 animals, in which were performed five cycles of 30 seconds of reperfusion inserted by five cycles of 30 seconds of ischemia, immediately after ischemia period (30 minutes) and before reperfusion (60 minutes); and control group (SHAM), with five animals. They had undergone only laparotomy and manipulation of mesenteric cranial artery.

Anesthesia
----------

The animals were weighed on an electronic precision balance and anesthetized with an intraperitoneal injection of 2:1 solution of Hydrochloride of Ketamine (Cetamin^®^), 50 mg/ml, and Hydrochloride of Xylazine (Xilazin^®^) 20mg/ml, respectively, at a dose of 0.1ml/100g.

Surgical procedure
------------------

After anesthetization, it was performed the trichotomy and placement of the animal on the operating table in the supine position, with all four members in abduction. The rats underwent midline longitudinal laparotomy of approximately four centimeters, exteriorization of the small intestine, identification and dissection of the cranial mesenteric artery. In the IR group, the cranial mesenteric artery was occluded by atraumatic vascular clamp that remained for 30 minutes (ischemic phase). After placement of the clamp, the small intestine was repositioned in the abdominal cavity and the wound closed with continuous skin suture with 4-0 monofilament nylon suture (mononylon^®^).

After the ischemic phase, the abdominal wall was opened again by removing the suture and the vascular clamp was removed too, initiating reperfusion phase, lasting 60 minutes. The abdomen was closed again by continuous skin suture until the end of the experiment ([Figure 1](#f01){ref-type="fig"}). In IPo group, there was a phase of ischemia (30 minutes) and reperfusion (60 minutes). Preceding the reperfusion, ischemic postconditioning was then performed by five cycles of reperfusion (removal of atraumatic vascular clamp of the cranial mesenteric artery) lasting 30 seconds each one, interspersed by with five cycles of ischemia (re-occlusion of the cranial mesenteric artery by atraumatic vascular clamp), also lasting 30 seconds each one ([Figure 1](#f01){ref-type="fig"}).

![Schematic figure showing the times of ischemia and reperfusion in both groups.](rbccv-29-04-0521-g01){#f01}

After completing the reperfusion in both groups, the abdominal wall was opened again by removing the suture and a segment of 1cm of ileum was resected, five centimeters proximal to ileum-cecal valve, for subsequent histological analysis and classification according to Chiu et al.^\[[@r11]\]^.

In the SHAM group, it was performed only incision of the abdominal wall, bowel exposure, followed by its closure by continuous skin suture with 4-0 nylon. Ninety minutes later it was resected a segment of ileum, as explained above.

All the animals were euthanized by anesthetic depth.

Histopathological study
-----------------------

The resected bowel segments, after fixation in formaldehyde solution 10%, were submitted to histological processing (hematoxylin-eosin) and examined under light microscopy by a pathologist without prior knowledge about this group within each rat, and were classified according to the degree of tissue injury second Chiu et al.^\[[@r11]\]^.

-   Grade 0: no mucosal changes.

-   Grade 1: well-formed villi without cell lysis or inflammatory process, however, with formation of Grünhagen subepithelial space.

-   Grade 2: presence of cell lysis, formation of Grünhagen subepithelial space and increased spacing between the villi.

-   Grade 3: destruction of the free portion of the villi, presence of dilated capillaries and inflammatory cells.

-   Grade 4: structural destruction of the villi, with only some outline, formed by inflammatory cells and necrotic material, with hemorrhage and basal glandular ulceration.

-   Grade 5: destruction of the entire mucosa, no longer any glandular structure was observed, but only amorphous material deposited on the submucosa.

Statistical Analysis
--------------------

The results were analyzed statistically by applying the non-parametric Kruskal-Wallis test, considering significant level of *P*\<0.05. The BioStat 5.4 software was used.

RESULTS
=======

After histological analysis of the injury degree of the intestinal mucosa according Chiu et al.^\[[@r11]\]^, we have found the following results ([Table 1](#t02){ref-type="table"} and [Figure 2](#f02){ref-type="fig"}).

###### 

Results of the histological analysis of the injury degree of the intestinal mucosa of rats according to Chiu et al.[@r11].

  Rats                 Mucosa lesion degree    
  --------- ---------- ---------------------- ------------
            Group IR   Group IPo              Group SHAM
  1         2          1                      1
  2         4          4                      2
  3         3          3                      1
  4         2          3                      1
  5         2          3                      1
  6         3          2                      \-
  7         3          3                      \-
  8         3          2                      \-
  9         2          3                      \-
  10        4          3                      \-
  Average   2.77       2.67                   0.12

Obs: The P value between IR and IPo was \>0.05; between IR and SHAM was \<0.05, and between IPo and SHAM was \<0.05

![Results of the histological analysis of the injury degree of the intestinal mucosa of rats according to Chiu et al.[@r11]](rbccv-29-04-0521-g02){#f02}

DISCUSSION
==========

The protective mechanism of IPo in ischemia and reperfusion process is still not entirely clear, but there is evidence that IPo may be related to a significant decrease in the levels of malondialdehyde and products related to lipid peroxidation. These observations suggest a reduction in the production of ROS and less injury mediated by oxidants with IPo^\[[@r01]-[@r09]\]^.

The peak production of ROS occurs between the first and seventh minutes after the beginning of reperfusion, although these substances are detectable in later periods. An abundant production of ROS during this initial phase of reperfusion has been implicated as the primary factor in the pathogenesis of tissue injury^\[[@r12]\]^. The IPo acts at this stage, probably reducing the production of ROS by the gradual release of oxygen to tissue^\[[@r13]\]^.

Santos et al.^\[[@r14]\]^ proposed IPo evaluation using cycles of mesenteric ischemia and reperfusion (three alternate cycles of two minutes each one) after 30 minutes of ischemia and preceding 60 minutes of reperfusion. The results showed a protective effect of IPo.

However, in 2010, Bretz et al.^\[[@r10]\]^ published a study which aim was to determine whether IPo could actually mitigate the injury caused by ischemia and reperfusion process. Six rabbits were distributed into control, IR and IPo groups. Ischemia was induced for 45 minutes of occlusion of the segment of jejunal artery, followed by two hours of reperfusion. The IPo was performed with four cycles of 30 seconds of reperfusion and 30 seconds of reocclusion during the initial four minutes of reperfusion. The histopathological evaluation was performed by a single observer and there was no significant difference in necrosis degree between the groups^\[[@r10]\]^. We have to keep in mind the small sample of this research. Despite this, it was the first publication demonstrating a bad result of IPo before our study.

Common among these publications, we can observe that the cycle duration of IPo is shorter than most of the articles^\[[@r15]\]^. It could be the reason of IPo doesn\'t work against reperfusion lesion, and we need more researches observing the cycles duration to prove this hypothesis.

However, recently Rosero et al.^\[[@r16]\]^ had shown a different result. They had realized three different protocols of postconditioning in rats undergoing mesenteric ischemia and reperfusion, and had observed that shorter cycles offered better protection against reperfusion lesion. Despite this confrontable result, the ischemia period utilized was 60 minutes, different of our period, with 30 minutes. That\'s the biggest problem when we analyzed the literature: a great variation of methods of development of ischemia, reperfusion and postconditioning, hindering a confrontation of existing articles.

Sengui et al.^\[[@r17]\]^ also demonstrated better result with short cycles of postconditioning. They had utilized three and six cycles of IPo in rats submitted to mesenteric ischemia and reperfusion and obtained better result with six cycles, but both were better than control group. Again we have to observe that they utilized different periods of ischemia and reperfusion when compared with our research (30 minutes of ischemia, 120 minutes of reperfusion).

Postconditioning had also shown effectiveness in other experimental models of ischemia and reperfusion, like spinal cord^\[[@r18]\]^, kidney^\[[@r19]\]^ and brain^\[[@r20]\]^. It was also analyzed in humans. Staat et al.^\[[@r21]\]^ reported its beneficial effect by performing intermittent reperfusion during angioplasty in patients with acute myocardial infarction, having observed reduction in myocardial injury. Loukogeorgakis et al.^\[[@r22]\]^ performed an experimental study in humans that caused transient upper limb ischemia followed by reperfusion, also observing protective effect of IPo.

CONCLUSION
==========

Ischemic postconditioning was not able to minimize or prevent the intestinal tissue injury in rats undergoing ischemia and reperfusion process when used five cycles of reperfusion and ischemia lasting 30 seconds each one.
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